Since the year 2000, Pakistan's population has been growing at a rate that is higher than domestic food grain production. In view of the importance of wheat and rice in the human diet in Pakistan, it is extremely important to estimate the future demand and supply of both cereals. This paper presents the projections of future demand and supply for these two main cereals for 2010, 2015, 2020, 2025, and 2030. For projecting household demand, the Almost Ideal Demand System (LA-AIDS) is estimated for eight food items using the data of nationally representative household survey. The results are used to project the household demand under three different scenarios. These scenarios are: a business-as-usual situation (per capita income is assumed to grow at a rate of 3 percent per year), an optimistic situation (assumed growth rate of per capita income 4 percent per year), and a pessimistic situation (per capita income is assumed to grow by 2 percent per year). Cereal supply is projected using a short-run production function approach (with such variables as area and share irrigated fixed exogenously at observed levels). This projection is then used to estimate the levels of wheat and rice produced for 2009-2030, with the projections of the exogenous determinants of production based on linear time trend models. The results show that the demand for wheat and rice will more than double by 2030. The projections of supply show an increase in the output of wheat and rice by 2030. From 2008 to 2030, the demand for wheat will increase from 19 million tons to 30 million tons. Projection estimates of wheat supply based on the production function technique show that by 2030, wheat output will reach 28 million tons, and rice output will be 11 million tons. The demand for wheat is expected to be greater than its supply whereas production of rice will be higher than consumption. In other words, the country is likely to face a deficit in wheat and surplus in rice. These results indicate that if production technology remains the same and the growth in production will be slower, the deficit of wheat will be much larger. Therefore appropriate policy measures are needed to address the likely deficit in wheat.
INTRODUCTION
Pakistan's population has a high dependence on cereals to meet the daily requirement of food energy. Cereals account for 47 percent of total calorie supply per capita, and the contribution of cereals to protein supply per capita is 46 percent (FAO 2011) . Since the year 2000, Pakistan's population has been growing at 2.42 percent per year, a rate that is higher than the growth of domestic food grain production (1.5 percent per year), as shown in Appendix Figure A. 1. This finding suggests that the current rate of growth of food grain production may not be adequate to feed Pakistan's increasing population. Worldwide food price inflation and frequent natural disasters in the country have also had a negative impact on Pakistan's food security situation 1 (WFP 2011) . Both the United Nations Food and Agriculture Organization's (FAO's) Hunger Map and the IFPRI Hunger Index suggest a serious prevalence of undernourishment and hunger in Pakistan.
In view of the importance of the issues related to food security and food policy, several studies in Pakistan have examined the supply response of food grains 2 and food demand patterns over the past four decades. 3 Although the results of these studies have important policy implications, none provide projections of supply or demand of food in general and cereals in particular. 4 There is even a lack of credible estimates of future demand and supply of food grains in Pakistan on which such policy analyses could rest. This paper provides an economic analysis to help bridge this research gap.
Background and Context
Expenditure on cereal consumption accounts for about 20 percent of total household food expenditure (approximately 15 percent on wheat and 4 percent on rice) in Pakistan. Poor households spend a larger proportion of their income on wheat (23 percent of total income is spent on wheat consumption). However, the share of expenditure on rice (4 percent) is almost the same for households in different income groups (GOP 2009 ).
Wheat and rice are the major crops grown during the rabi (autumn) and kharif (spring) growing seasons, respectively. Wheat is grown over an area of 8.5 million hectares and accounts for more than 70 percent of total food grain production in Pakistan. Rice occupies 2.4 million hectares, and its share of total food grain production is 18 percent (GOP 2011) . Nearly 26 percent of total households produce wheat, whereas nearly 98 percent of households consume wheat. Even among the wheat producers, 21.6 percent are net buyers (GOP 2006) . The basic statistics on wheat and rice are presented in Table  1 .1.
Although the prices of wheat and rice in Pakistan have increased substantially since 2008, the increase in prices will only benefit households that produce more wheat or rice than they consume and that are net sellers of these cereals. According to a study by the UN interagency Assessment Mission (2008) , the number of people in Pakistan with inadequate food consumption (that is, less than 2,100 kilocalories per capita per day) rose from 72 million (45 percent of the total population) 1 The World Food Summit (1996) defines food security as "when all people, at all times, have physical and economic access to sufficient, safe, and nutritious food to meet their dietary needs and food preferences for an active and healthy life." This definition implies four major dimensions of food security: availability, accessibility, affordability, and sustainability. 2 Mohammad (2005) provided a detailed review of these studies. More recently, Haq, Nazli, and Meilke (2008) estimated the food demand patterns in Pakistan. 3 The authors could not find any substantial literature on food demand supply balance analyses of the post-2008 international food price inflation period in Pakistan. 4 Kumar, Mruthyunjaya, and Birthal (2007) forecasted the demand for important food items in 2005, 2015 , and 2025 for South Asian countries. Their study projected a declining demand of cereals, including wheat and rice in Pakistan, over this period. More recently, Meilke (2008, 2011) estimated compensated and uncompensated demand elasticities of eight food items for rural Pakistan, urban Pakistan, and all of Pakistan. These two studies observed highly inelastic own price elasticity of wheat and limited substitution between wheat and rice.
in 2005-06 to 84 million (51 percent) in 2008 as a result of increasing food prices. Thus, food price inflation has resulted in increasing food insecurity in the country. Although international markets provide a source of supply to meet demand exceeding domestic production, world market prices have risen sharply since 2008 (Ahmed and Yohannes 2010) .
According to recent estimates by UN interagency Assessment Mission (2008), the current requirement for wheat in Pakistan is higher than its production. The results of this study indicate that if population grows at an assumed 1.82 percent per year, the country will remain a net importer of wheat. GOP 2010 GOP , 2011 FAO (2011) .
In a simple partial equilibrium framework, the welfare effect of an increase in the price of a commodity is positive if the welfare change through supply expansion is high enough to compensate the welfare loss due to reduced demand. Thus, from a policy viewpoint, it is important to evaluate the effect of changes in policy variables on both the demand and the supply of food items that constitute a larger proportion of household food consumption.
This study presents projections of demand and supply of two major food grains (wheat and rice) in Pakistan through 2030. The data from the Household Integrated Economic Survey 2007-08 (GOP, 2009) (the latest nationally representative dataset available publically) are used to estimate per capita price and expenditure demand elasticities using the Linear Approximate Almost Ideal Demand System (LA-AIDS) model. Total food expenditure is related to per capita income in a second estimated equation. These estimates are used together to project the future item-wise household and total demand for wheat and rice under three alternative exogenous assumptions about income growth. Cereal supply is projected using a short-run production function approach (with such variables as area and share irrigated fixed exogenously at observed levels). This projection is then used to estimate the levels of wheat and rice produced for 2009-2030, with the projections of the exogenous determinants of production based on linear time trend models. This paper is divided into seven sections. Section 2 presents the modeling and forecasting of demand for cereals in Pakistan, including the methodology, data, estimates of model, and demand projections up to year 2030 for two cereals (wheat and rice). Section 3 presents the forecasting of indirect demand. The projections of total demand are reported in Section 4. Section 5 discusses the estimation and forecasting models for the supply of wheat and rice. Section 6 presents an assessment of several scenarios of cereal supply deficit (or surplus) based on the alternative estimates of future demand and supply. The conclusions are presented in Section 7.
MODELING AND FORECASTING HOUSEHOLD DEMAND FOR CEREALS IN PAKISTAN
This section presents the projections of total demand for cereals in Pakistan for 2015, 2020, 2025, and 2030 . These projections are based on estimation of the following:
• Expenditure elasticities of major food items and the relationship of food expenditure to income on a per capita basis
• Total household food consumption using these expenditure elasticities and exogenous income and growth assumptions
• Indirect demand (seed, feed, and wastage)
Methodology and Data
In Pakistan, households spend an average of almost one-half of their total expenditures on food, with those in the lowestincome quintile spending more on food (55 percent) than those who are in the highest quintile (35 percent). As Table 2 .1 shows, of the total food budget, households spend a larger proportion (25 percent) on dairy products, followed by cereals (20 percent), edible oil (12 percent), meat (10 percent), vegetables (8 percent), and fruits (4 percent). Compared with rich households, poor households spend a higher proportion of their food expenditures on wheat, edible oil, and vegetables and less on milk, meat, and fruits. In addition, cereals account for a large proportion (27 percent) of the food budget for the poorer households, whereas for richer households, this proportion is 14 percent. On average, 76 percent of total cereal expenditures are for wheat, and 22 percent are for rice, with only about 2 percent coming from maize and other grains for all households. For the poorest households, these proportions are 83 percent for wheat and 16 percent for rice, indicating the relative importance of these two cereals in household consumption. In the following subsections, we develop a model to forecast the demand of two major food grains: wheat and rice. Following Haq, Nazli, and Meilke (2008) , we include eight food items: wheat and wheat flour, rice (all kinds), fruits, vegetables, milk and milk products, edible oil, meat (beef, mutton, fish, and poultry), and other food (pulses, tea, readymade food, condiments and spices, sugar, and so on). The focus is on domestic demand. As shown in Table 1 .1, Pakistan is a net importer of wheat and a net exporter of rice. Rice forms a small component, about 4 percent of food expenditures, of domestic consumption.
THEORETICAL MODEL OF PER CAPITA FOOD EXPENDITURES 5
To estimate the expenditure elasticities of the eight food items, we use the Linear Approximate Almost Ideal Demand System (LA-AIDS). This system specifies an expenditure function with price independent generalized logarithmic preferences to derive the Almost Ideal Demand System (Deaton and Muellbauer 1980a, 1980b) . The LA-AIDS demand equation in budget share form is as follows:
where n is the number of goods; w i is the budget share of good i; p j is the price of good j; x is food expenditure; P is a price index approximated by the Stone price index (ln( ) = ∑ ( )); and , , and are parameters. Separability is imposed at the food level, implying that consumers modify their optimal food consumption bundle when relative prices of individual foods change, given an optimal allocation of expenditure on food. Due to separability, the marginal rate of substitution between any food items is independent of the changes in the nonfood items.
To account for the household characteristics, equation (1) is augmented with household specific socioeconomic, demographic, and regional characteristics, using the following relationship proposed by Pollak and Wales (1981):
where is a matrix of socioeconomic variables, and is the vector of parameters. The socioeconomic variables include household size measured as the number of household members; a binary variable for literacy of the household head; binary variables representing employment of the household head (self-employed, farmer, employee); and regional dummies representing the provinces of Punjab, Sind, and Khyber Pakhtunkhwa (KPK). Binary variables are equal to 1 when the phenomenon exists and 0 otherwise (for example, literacy equals 1 when the household is literate, otherwise it is 0). Substituting equation (2) in equation (1) yields
Equation (3) is estimated for the eight food items for the whole of Pakistan on a monthly basis. The theoretical restrictions on the demand function are imposed during estimation. These restrictions include the following:
Adding up:
Homogeneity:
Symmetry:
Using equation (3), it is possible to derive uncompensated (Marshallian), compensated (Hicksian), and expenditure elasticities. The uncompensated price elasticity for good i with respect to good j is = − − . The compensated price elasticity for good i with respect to good j is = + − , where ij δ is the Kronecker delta, which equals 1 for own price and 0 for cross-price elasticities. The expenditure elasticity (E i ) is = 1 + .
The seemingly unrelated regression estimation method of Zellner (1963) is employed to estimate the system of equations in per capita terms. The statistical significance of the estimated elasticities is derived using the delta method. If a surveyed household does not consume a commodity, then the price for that commodity is missing; to keep these (missing) observations in the analysis, missing prices are replaced by average prices (Cox and Wohlgenant 1986) . Imposing the property of additivity of the expenditure function makes the variance and covariance matrix singular; thus, one of the equations needs to be omitted to estimate the LA-AIDS. The expenditure equation for "other food" is omitted, and the coefficients for the omitted equation are derived using the theoretical conditions imposed on the estimation process. However, the coefficients estimated using LA-AIDS are invariant to the omitted equation.
TOTAL HOUSEHOLD FOOD CONSUMPTION
The previous subsection provides the estimation model for expenditure elasticities by food items. Unfortunately, time-series data on household food consumption are not available in Pakistan. Therefore, in this demand estimation, we use the crosssectional household survey data. For the purpose of projections, we seek to estimate total household food demand. To accomplish this, a second equation is specified to estimate the per capita food budget expenditure as a function of per capita income. The per capita food budget model can be written as follows:
where is per capita per month food expenditure by the ith household; is per capita per month income; and contains individual characteristics of the head of the household, such as education, employment status, place of residence, and so on. Using the estimated coefficients from equations (3) and (7) and exogenous per capita income and population growth assumptions, we can estimate future total demand for wheat and rice.
DATA
In 1963, the Pakistan Bureau of Statistics (FBS) started conducting the Household Integrated Economic Survey (HIES); this survey has been repeated periodically since then. The scope of the HIES was expanded in 1998 by integrating it with the Pakistan Integrated Household Survey (PIHS), which collects information on social indicators. The data used in our paper are taken from the 2007-08 HIES (which are the most recent data available).
HIES 2007-08 (GOP 2009) covers 15,512 households selected from the urban and rural areas of all four provinces of Pakistan. A two-stage stratified random sample design was adopted to select the households. In the first stage, 1,113 primary sampling units (enumeration blocks) were selected in the urban and rural areas of the four provinces. In the second stage, the sample of 15,512 households was randomly selected from these primary sampling units. Using a random systematic sampling scheme with a random start, either 16 or 12 households were selected from each primary sampling unit (GOP 2009 ). The HIES collects data on household characteristics, consumption patterns, household income by source, and social indicators. Table 2 .2 presents the estimates of expenditure elasticities from the LA-AIDS model (equation (3)). All of the estimated expenditure elasticities are statistically significant and have the expected signs, suggesting that all goods are normal. The elasticities are greater than 1 for fruit, milk, and meat, suggesting that these food items are most responsive to expenditure changes. Wheat has the lowest expenditure elasticity (0.58), whereas rice (0.63) is more expenditure responsive. 
Results

HOUSEHOLD (PER CAPITA) FOOD DEMAND FROM THE LA-AIDS MODEL
ESTIMATION OF HOUSEHOLD (PER CAPITA) FOOD BUDGET AS A FUNCTION OF INCOME
The estimation results of double-log functional form with robust standard errors for equation (7) are reported in Table 2 .3. These results show that all variables are significant at a 99 percent significance level, with the exception of a dummy for KPK. The income elasticity is 0.37, indicating that a 1 percent increase in income increases food expenditures by 0.37 percent. 
FORECASTING HOUSEHOLD FOOD BUDGET
Based on the estimated coefficients reported in Table 2 .3, the predicted mean value of per capita per month food expenditure is 890 rupees (Rs), whereas actual mean value was Rs 893. The small forecasting error (0.03 percent) in the crosssectional model implies that this model can be used to forecast household food demand in the future under the assumption that the relation of food expenditure to income over time has the same relationship as food expenditure to income across households at a moment in time. The results reported in Tables 2.3 and 2 .2 taken together indicate that demand for wheat and rice is significantly determined by total food expenditure and per capita food expenditure is significantly determined by per capita income. Therefore, it is important to examine the impact of per capita income on demand for these food items by households. At the country level, the growth in both household income and population are important determinants of quantity demanded of a food item.
Due to the unavailability of time-series data on household income, we use the growth of per capita income to project future income levels. During the past 10 years, Pakistan faced a persistently declining growth rate in per capita income, growing at an average rate of 3.2 percent per year 6 . The Planning Commission of Pakistan estimates that the economy needs to grow at an annual growth rate of over 5 percent to reduce unemployment. However, they recognize that the potential per capita growth rate of Pakistan is about 3-4 percent and this is a reasonable target in the short term 7 .
We assume that one of three different scenarios may prevail in the future. The first is a business-as-usual (BAU) scenario, in which per capita income will grow at a rate of 3 percent per year. The second scenario presents a pessimistic situation, in which we assume that per capita income will grow by 2 percent per year. The third scenario presents an optimistic situation, in which we assume that per capita income will grow by 4 percent per year. Although these growth rates are higher than those observed in recent years, policymakers target similar levels of growth. In addition, the economic performance in recent years has been hampered by external shocks (such as floods and terrorism), and it may be reasonable to expect the economy to return to its long-run growth path.
6 http://devdata.worldbank.org/AAG/pak_aag.pdf and GOP (2011). 7 http://www.pc.gov.pk/hot%20links/growth_document_english_version.pdf.
The estimated equation presented in Table 2 .3 examines the relationship between household income per capita per month and household food expenditure per capita per month. The total food expenditure for year t is projected using the following formula to construct annual per capita income and thus (with population at time t also included in the equation) the total national income:
where is current year income, 0 is base year income, g is the growth rate between two years, and t is the time period (year) for which income growth is examined.
Forecast of Cereal Demand
FORECAST OF HOUSEHOLD FOOD DEMAND
Based on the relationship between per capita food consumption and per capita expenditure by food item (equation (3)) and the relationship between per capita household food expenditure and per capita income (equation (7)), we can project the quantity demanded of different food items. Table 2 .4 presents the projections of per capita per month household food demand of eight food items. Using the projected per capita per month forecast demand for food items and the projected annual national income from equation (8), total annual household demand of these items is projected for 2014-15, 2019-20, 2024-25, and 2029-30 . These results are presented in Table 2 .5a and are based on the recent annual growth rate of population reported in GOP (2011). In addition, to examine the effect of population, we estimate the demand for wheat and rice using the average population growth rate since 2000 (2.42 percent). Table 2 .5b reports these results. In this analysis, prices are held constant at base year relative levels. Source: Author's estimations. Notes: BAU = business as usual. Per capita income is assumed to grow at 2 percent, 3 percent, and 4 percent per year for pessimistic, BAU, and optimistic situations, respectively. Population growth rate = 2 percent per year. 
INDIRECT DEMAND
Indirect demand of cereals refers to the use of cereals for seed, feed, other industrial requirements, and wastage. Total demand of wheat or rice is the sum of food demand and demand for other uses. Several estimates of the other uses are available. First, the government of Pakistan estimates that 10 percent of wheat produced and 6 percent of rice are used as feed, seed, industrial use, and wastage. Second, the food balance sheet of FAO (2011) presents a comprehensive picture of the pattern of a country's food supply during a specified reference period. The total quantity of food produced in a country is added to the total quantity imported and then adjusted for any change in stocks that may have occurred since the beginning of the reference period. The result gives the supply of that food available during the specified period. On the utilization side, a distinction is made between the quantities exported, fed to livestock, used for seed, lost during storage and transportation, and available for human consumption. Third, the residual method can be used to estimate indirect demand. In this method, indirect demand of a cereal can be estimated by subtracting household demand from the total demand. This calculation requires time-series data on household food consumption by food items. The problem with this approach, however, is the nonavailability of this time-series data on total consumption of individual cereals. Thus, we use the first method to estimate indirect demand.
Forecast of Indirect Demand
The Agricultural Statistics of Pakistan (GOP 2010) reports data on the total availability of different food products. These data do not disaggregate the use by food and other uses. However, they do indicate that 10 percent of wheat production and 6 percent of rice production are utilized as feed, seed, and other uses (see Appendix Table A. 3). The data also indicate that this use has been growing at an annual rate of 3 percent during last five years. However, the higher demand of these cereals as seed and feed implies an annual growth rate of 5 percent 8 for both cereals when projecting future demand. Results are reported in Table 3 .1. 
FORECAST OF TOTAL CEREAL DEMAND
Using the estimates of direct and indirect demand, we can estimate the total demand of wheat and rice. These projections are reported in Tables 4.1a and 4.1b, which assume population growth rates of 2 percent and 2.42 percent per year, respectively. These tables show that by 2030, the demand for wheat and rice will increase by 1.5 times from the base year. As expected, the results indicate higher demand of wheat and rice when the population growth rate is high, which is consistent under all scenarios. Source: Author's estimations. Notes: Per capita income is assumed to grow at 2 percent, 3 percent, and 4 percent per year for pessimistic, business-as-usual, and optimistic situations, respectively. Population growth rate = 2.42 percent.
MODELING AND FORECASTING SUPPLY OF CEREALS IN PAKISTAN
As discussed earlier, wheat and rice are the major staple food in Pakistan, with wheat being consumed by a large proportion of the population. Pakistan is a net exporter of rice and remains a net importer of wheat in most years. This section presents two approaches to estimating the future of supply of these cereals in Pakistan.
Production Function Approach: Methodology and Data
The supply of a crop depends on various factors, such as price of output, quantities and prices of inputs, weather, rainfall, irrigation, prices of other competing crops, and so on. The optimal levels of output supply and input demand can be derived by the process of profit maximization. The derived output supply and input demands are the function of input and output prices, prices of competing crops, fixed factors and nonprice determinants (such as weather in a particular year), and production technology. Consider a risk-neutral farmer who uses a vector of variable inputs X subject to a set of fixed and nonprice factors R to produce farm output Q at a given level of technology. Assume that the production function Q(·) is continuous and twice differentiable. Let P denote the output price of farm output and W be the prices (multiple) of inputs X. Farmers are assumed to be price-takers in both the input and output markets. Given the production function ( ; ), the profits for multiple crops can be written as
The first-order conditions for maximization provide the optimal output supply and input demand for
For empirical purposes, we specify the output supply function in Cobb-Douglas form:
where is the output of crop i; is the price of crop output; is the price of competing crops; is the (vector of) prices of inputs; and includes all fixed factors and other determinants that can affect output supply, such as area devoted to crop i, irrigation, temperature, rainfall, and so on. The choice of these determinants depends on the characteristics of the production schedule of each crop. is the error term. are estimated coefficients, such that the expectations are 1 > 0, 2 < 0, 3 < 0, 4 > 0. Equation (11) is estimated using the double log for two major crops: wheat and rice. The ordinary least squares (OLS) regression with robust standard errors is applied. The estimated models are checked for presence of autocorrelated error terms. In cases where the Durbin-Watson d-statistic indicates autocorrelation, the regression model is estimated through a Prais-Winsten regression. For each of these crops, only the significant variables are retained, and the regression model is then re-estimated. Time-series published data for 1970-2009 are used. 9 The area planted is used as an exogenous regressor in both models; thus, the models capture only yield responses to output prices and input decision, as opposed to acreage allocation decisions. Unfortunately, data on various important determinants, such as price of seed, price of irrigation, rainfall, and temperature, are not available for the entire period. Because of the different production schedules for wheat and rice, we use different factors in the estimated models of these crops: We use quantity of improved seed distributed as a proxy for price of seed, because these data are unavailable. Wheat is grown all over the country in both irrigated and unirrigated areas, whereas rice is cultivated only in irrigated areas. Therefore, we use share of irrigated areas in the wheat model only.
Results
In our estimation, both models exhibit high R-squared, which indicates that the model has a good fit of data. The high value of the F-test indicates the overall significance of these models. However, the value of the Durbin-Watson test shows the presence of autocorrelation. In the presence of autocorrelation, the residual variance underestimates the true variance, which in turn overestimates the R-squared. In such a situation, usual F-and t-tests may provide misleading inferences about the significance of the coefficient and hence the overall model. Therefore, before going into the detailed discussion of these coefficients and computation of elasticities, we first corrected the problem of autocorrelation. Table 5 .1 presents the results of estimated models with robust standard errors, corrected for autocorrelation. 10 Both models confirm the positive and significant effect of area under crop. The availability of improved seeds appears to be an important factor for both crops. An increase in share of irrigated area also has a positive and significant effect on wheat output. However, aside from the proxy for seed prices, we detect no statistically significant effects of input or output prices on output; thus, we dropped these prices from the regressions. Source: Author's estimations. Notes: The dependent variable is log output in thousand tons. All variables (dependent and independent) are in log form.
Model Validation
We use the estimated coefficients to test the models for 2006, 2007, and 2008 . The results are presented in Table 5 .2. For the latest three years, the forecast errors are less than 10 percent for wheat and rice. These forecast errors lead us to conclude that we can use the predicted value of the dependent variable to make supply projections of wheat and rice. 
Forecasting Cereal Supply
In the production function method, the regressors of estimated equation for wheat and rice (presented in Table 5 .1) are used to forecast output. Wheat and rice inputs are first projected until 2030 using the growth rates from 1999-2009. The projected values are then plugged into the estimated production function to forecast future output of both crops. The forecasted output for wheat and rice is reported in Table 5 .3, which shows that by 2030, the wheat output is expected to grow to 28.2 million tons and the rice output to increase to 10.5 million tons. Such a forecasting method assumes that the technology and production function of each crop will remain the same until 2030. If the production becomes more efficient, the same amount of inputs will lead to higher crop output. This finding may be crucial to reducing the gap between forecasted wheat output using time trend and the production function. 
ASSESSING THE CEREAL SUPPLY DEFICIT AND SURPLUS
Comparing the projected demands for wheat and rice for 2015, 2020, 2025, and 2030 with their corresponding forecasted supply (domestic production) provides an estimate of the possible future surplus or deficit (Table 6 .1). Details of Table 6 .1 are given in Appendix Tables A.5a and A.5b (supply projections are based on the production function technique for two different population growth rates).
The results of the production function supply model show that in the future, the demand for wheat will remain higher than supply under all scenarios. In addition, the country will face the problem of wheat deficit. Rice is expected to remain in surplus. The magnitude of the wheat deficit shows an increase over time under all scenarios. The demand and supply projections are based on several assumptions, including constant growth in population, no change in taste and preferences, constant prices, and constant technology of production. Any change in these parameters can change the projections for demand as well as for supply. There is a need for further research to know the direction of change, which suggests that Pakistan cannot simply rely on using more inputs to increase production. If the deficit of wheat is to be reduced, technology will have to improve, and crop output will need to be more efficient. Table 5 .4 compares the results of two different population growth rates and shows that if population continues to grow at an average rate of 2.42 percent per year, the demand of wheat will remain higher than its supply, and the country will suffer from deficit. To make Pakistan a wheat surplus country, there is a need not only to increase wheat production but also to reduce the population growth rate. 
CONCLUSIONS
This paper presents the projections of future demand and supply for two important cereals (wheat and rice) in Pakistan for 2010, 2015, 2020, 2025, and 2030 . These projections are derived under three different scenarios: a business-as-usual situation, an optimistic situation, and a pessimistic situation. The projections of direct and indirect demand show that the demand for wheat and rice will more than double by 2030. These results are based on the current population growth rate (2 percent) and the long-term growth rate for 2000-2011 (2.42 percent). All simulations of direct and indirect demand show a higher demand as compared with the base year.
The projections of supply show an increase in the output of wheat and rice by 2030. From 2008 to 2030, the demand for wheat will increase from 19 million tons to 30 million tons. Projection estimates of wheat supply based on the production function technique show that by 2030, wheat output will reach 28 million tons, and rice output will be 11 million tons. These results indicate that if production technology remains the same, the growth in production will be slower, the deficit of wheat will be much larger than it is today. All scenarios show that the demand for wheat is expected to be greater than its supply. However, in the case of rice, all years show higher production than consumption.
For wheat, Pakistan may have to import large quantities to bridge the gap between demand and supply. A projected increasing surplus of rice will allow for greater local consumption or more export, which would lead to higher foreign exchange earnings.
The projections of demand and supply are based on several assumptions, such as constant growth in population, no change in taste and preferences, constant prices, and constant technology of production. Any change in these parameters can change the projections for both demand and supply. For example, an increase in the price of rice may result in ricewheat substitution that may increase the demand for wheat. Similarly, an increase in the demand for livestock products may increase the wheat demand for feed, which will raise the total demand for wheat. An increase in the price of cereals and an improved technology may have different effects on the net buyers and net sellers of the crop. There is a need for further research to examine the direction of change and its welfare implications. The variables are in log form. "Wheat irri" is the share of irrigated area of wheat. "Wheat seed" and "Rice seed" are the quantity of improved seed of wheat and rice, respectively. The time trend is determined using data for 1999-2009. 
